A prospective study was conducted in 49 firsttrimester pregnancies-39 with live intrauterine pregnancies and 10 with missed abortions. Transvaginal sonography and color Doppler recorded size, sonographic appearance, color flow pattern, peak systolic velocity, and resistance index of each corpus luteum. Gray-scale sonographic appearances revealed thick-walled cysts, hypoechoic to isoechoic rounded structures, thin-walled cysts, and bilocular thick-walled cysts in patients with live intrauterine pregnancies. In patients with missed abortions, the most common pattern was thick-walled cysts, followed by hypoechoic areas and simple cysts. It was concluded that the corpus luteum, a wellidentified structure in one of the ovaries in early pregnancy, has a wide range of sonographic morphologies. Better delineation is possible with color Doppler and color power angiography. Knowledge of the various morphological patterns on sonogram and color Doppler can help differentiate the corpus luteum from true ovarian pathologies.
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Key words: transvaginal sonography, color Doppler, corpus luteum, live intrauterine pregnancy, color power angiography Transvaginal sonography (TVS) has led to marked improvement in the diagnostic images of female pelvic organs, leading to better imaging of both normal and abnormal early pregnancies. The corpus luteum is a very important physiological structure in maintaining early pregnancy and has been well identified by TVS. However, the role of color Doppler and spectral imaging of the corpus luteum (CL) has been inadequately studied, 1-3 with just a passing reference to the role of color power angiography (CPA). 4 Hence, this study was conducted with the aim of describing the gray-scale morphology and color Doppler picture of the CL of early pregnancy, with special reference to the role of CPA. This study includes both normal live intrauterine pregnancies and missed abortions.
It is important to know the normal picture of the corpus luteum to avoid confusion with true ovarian pathologies. This article is just a preliminary report of an ongoing study.
Materials and Methods
This is part of an ongoing prospective study in which 49 females with early pregnancies-39 with live intrauterine pregnancies and 10 with missed abortions-have been assessed in a tertiary care referral hospital. Patient age ranged from 18 to 44 years, with a mean of 26.7 years. Patients with ectopic pregnancies were excluded from the study.
Indications for the examination included bleeding per vaginum (n = 21), uncertain dates (n = 17), history of infertility (n = 6), or pelvic pain (n = 5). Informed consent was taken from every patient prior to Doppler examination.
Sonography was done on an HDI-Ultramark 9 (ATL) sonography machine using a 3-to 5-MHz curvilinear probe for transabdominal sonography and a 5-to 9-MHz intracavitary probe for TVS.
All patients were scanned first transabdominally with a full bladder and then transvaginally with an empty bladder, using both gray-scale sonography and color Doppler. Gestational age was calculated either by measuring the size of the gestation sac or by measuring the crown-to-rump length. The corpus luteum was then identified in one of the ovaries as a hypoechoic to isoechoic area or a simple or complicated cyst. The mean size of the corpus luteum was calculated as the average of the three diameters. Standard deviation of mean size was calculated. Vascular flow was identified by color Doppler around the corpus luteum. Spectral Doppler was then used to calculate the mean resistance index (RI) and peak systolic velocity (PSV) as an average of three measurements of each parameter whenever possible. Standard deviations were also calculated. A Student t test was used to assess the significance of difference between RI in the two groups (P < .01).
Results
The corpus luteum was identified with the help of both gray-scale sonography and color Doppler in all 49 patients (100%). It was seen by gray-scale sonography alone in 47 of 49 patients. In 39 patients with live intrauterine pregnancies, it was seen by gray-scale sonography alone in 37 patients (95%). In the remaining 2 patients with live intrauterine pregnancies, CL was detected by color Doppler only. The vascularity of CL was seen by color Doppler in 48 of 49 patients (98%), and it was seen in 38 of 39 patients (97.4%) with live intrauterine pregnancies. In the remaining 1 patient in whom vascularity could not be seen with CD, it was seen only by gray-scale sonography in the form of a simple cyst. CL was seen in all patients of missed abortions, however, by both modes (100%) independently. Mean size of CL was 1.88 ± 0.84 cm in patients with live intrauterine pregnancies, whereas it was 1.47 ± 0.12 cm in patients with missed abortions.
In live pregnancies, the most common grayscale morphology was that of a thick-walled cyst (n = 18, 46.15%) ( Fig. 1a) , followed by a hypoechoic to isoechoic structure (n = 15, 38.47%) ( Fig.  1b) . Rarer forms were a thin-walled cyst (n = 5, 12.82%) ( Fig. 1c ) and a bilocular thick-walled cyst (n = 1, 2.5%) (Fig. 1d ).
In patients with missed abortions, the most common pattern was a thick-walled cyst (n = 5, 50%), followed by a hypoechoic area (n = 4, 40%). A simple cyst was seen in 1 patient (10%) in one of the ovaries. Color Doppler sonography revealed flow around the corpus luteum in 38 of 39 patients with live intrauterine pregnancies (97.4%) and in all with missed abortions (100%). It was seen as part or whole of a circumferential rim around the corpus luteum ( Fig. 2a) . In a bilobed one, separate rings could be made out around both cysts (Fig.  2b) . Rarely, an occasional intraovarian feeding vessel was seen to flow toward the CL (Fig. 3 ). Color Doppler helped in better visualization of the CL in every patient, especially those in whom it was hypoechoic or isoechoic. In fact, an isoechoic corpus luteum (3 patients) was imperceptible on gray-scale sonogram (Fig. 4a ) and could be delin- (a) (b) eated only with the help of color Doppler (Fig. 4b ) and CPA. CPA enhanced the role of color Doppler markedly in assessing the vascularity of the corpus luteum (Fig. 5 ).
In all patients in whom color Doppler was used to assess the vascularity of the corpus luteum, spectral tracings were also taken. Doppler indices revealed a mean peak systolic velocity of 21.96 ± 12.1 cm/sec in live intrauterine pregnancies, whereas mean peak systolic velocity was 18.1 ± 7.89 cm/sec in patients with missed abortions. RI was 0.5 ± 0.08 in live intrauterine pregnancies (Fig. 6a) , whereas it was 0.61 ± 0.09 in patients with missed abortions (Fig. 6b) . A significant difference in RI was seen between the two groups (t = 3.9, df = 46, P < .01).
Discussion
The primary function of the corpus luteum in pregnancy is the production of progesterone, which helps to sustain early pregnancy until the placenta takes over. The placenta starts functioning at 7 to 8 weeks of gestation. Subsequently, the corpus luteum decreases in size between 8 to 16 weeks. 5 The corpus luteum begins developing immediately after ovulation. Extrusion of ovum is followed by collapse of the follicular cavity and subsequent hemorrhage into the space. 6 Over the next two to four days, neovascularity occurs within the wall. Maturation of the corpus luteum takes place as blood is gradually resorbed from within the cavity. If conception occurs, the CL enlarges further. Otherwise, it regresses and shrinks.
The corpus luteum could be identified on transvaginal gray-scale sonography in 95% of live intrauterine pregnancies and in all patients with missed abortions (100%). In this series, the most common gray-scale picture was a thick-walled cyst in both the groups, followed by a hypoechoic or isoechoic area.
The cystic center corresponds histologically to a fluid-filled central cavity. Internal echoes may be present to different degrees, depending on the amount of hemorrhage and stage of resorption. The hypoechoic picture is due to loose mesenchymelike connective tissue (remnant of prior hemor-rhage) filling the cavity, which blends imperceptibly with the outer wall. 5, 7 In fact, sometimes it may blend so well into the background of the ovary that it is totally overlooked and may appear absolutely isoechoic. It is in these cases that color Doppler plays a significant role in identifying the corpus luteum. 1 Vascularity can be easily assessed with color Doppler, as was seen in 97.4% cases of live pregnancies and 100% cases of missed abortions. The vascularity was seen as a circumferential rim around the corpus luteum, corresponding pathologically to the neovascularization of the wall. 7 The intraovarian feeding vessel can sometimes be seen to approach the cyst, branching to create an arc of peripheral flow.
The use of CPA markedly enhances visualizing the vascularity of CL, especially in low-flow states and when an optimal Doppler angle cannot be obtained. 4 Pulsed Doppler can be used to further analyze blood flow around the corpus luteum. Mean RI was 0.5 ± 0.08 in live intrauterine pregnancies in this study, which is comparable to that of previously reported values from 0.45 to 0.53. [1] [2] [3] 8 Mean RI in missed abortions was also calculated to be 0.61 ± 0.09. Although there were very few cases (ten only) of missed abortions, the difference in RI was significant, as has been reported in most of the previous studies. 2, 3, 9 The increased RI in missed abortions indicates reduced vascularity, which in turn reflects reduced function of CL, making it incompatible with viable pregnancy.
Lack of pathologic proof is an inevitable limitation of this study. The sample size is also small, especially as there were very few patients with missed abortions. Although this is a preliminary report of an ongoing study, it is very evident that the morphology and vascularity of the corpus luteum have a definite pattern, which is important to recognize to avoid confusion with true ovarian pathologies. Furthermore, Doppler indices highlight the importance of the resistance index, which, if high, indicates reduced compatibility with fetal viability. This study reveals an added observation-that is, the utility of CPA in enhancing the quality of color Doppler imaging. There is just a passing reference in literature on the role of CPA in visualizing the CL. 4 We are among the first few people to have exclusively observed and described its role in markedly improving the visualization of CL, and further studies are required in this direction.
